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Objective: Diabetic kidney disease (DKD) is the most common chronic kidney
disease (CKD) and has the highest prevalence of end-stage kidney disease
(ESKD) globally, owing mostly to the rise in Type 2 diabetes mellitus (T2DM)
correlated with obesity. Current research suggested that the immune response
and inflammation may play a role in the pathophysiology of T2DM. The
systemic immune-inflammation index (SIl) is a novel and integrated
inflammatory biomarker that has not yet been linked to DKD. We aimed to
identify the potential relationship between SII and DKD.

Methods: In the National Health and Nutrition Examination Survey (NHANES)
between 2011 and 2018, the current cross-sectional study was conducted
among adults with T2DM. SII was calculated as the platelet count X neutrophil
count/lymphocyte count. DKD was diagnosed with impaired glomerular
filtration rate (< 60 mL/min/1.73 m? assessed by using the Chronic Kidney
Disease Epidemiology Collaboration algorithm), alouminuria (urine albumin
to creatinine ratio > 30 mg/g), or both in T2DM patients. To investigate
the independent association between SII and DKD, weighted univariate
and multivariable logistic regression analyses and subgroup analyses
were performed.

Results: The study involved 3937 patients in total, of whom 1510 (38.4%) had
DKD for the diagnosis. After adjustment for covariates, multivariable logistic
regression revealed that a high SII level was associated with increased
likelihood of DKD (OR = 1.42, 95% CI: 1.10-1.83, P = 0.01). Subgroup
analyses and interaction tests revealed that age, gender, estimated
glomerular filtration rate (eGFR), urine albumin-to-creatinine ratio (ACR),
body mass index (BMI), hypertension, hyperlipidemia, anti-inflammation
therapy (yes or no), metformin use (yes or no), and insulin use (yes or no)
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had no significant dependence on this positive relationship (all p for

interaction >0.05).

Conclusions: Our results indicate that the higher Sl level is associated with
DKD in T2DM patients. The Sll could be a cost-effective and straightforward
approach to detecting DKD. This needs to be verified in further prospective

investigations.
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systemic immune-inflammation index, type 2 diabetes mellitus, diabetic kidney
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Introduction

Since the increased prevalence of Type 2 diabetes
mellitus (T2DM) associated with obesity in recent decades,
diabetic kidney disease (DKD) has been the most common
chronic kidney disease (CKD) and the leading cause of end-
stage kidney disease (ESKD), accounting for over 50% of all cases
of ESKD globally (1-3). Besides, Miller RG et al. reported that
patients with DKD may have an elevated risk of cardiovascular
disease, even if in the early stages of DKD (4). Recent
investigations have revealed that individuals with DKD are
more at risk of dying after catching COVID-19 (5). According
to the prospective multicenter Italian COVOCA study, DM and
CKD were closely related to intensive care admission and poor
prognosis in patients hospitalized for COVID-19 (6). Thus, to
avoid the progression of DKD, early intervention is required. A
comprehensive understanding of the potential factors associated
with the progression of DKD is essential for establishing effective
therapeutic strategies to prevent the onset and progression of
DKD in clinical practice.

Previous research has shown that many factors, such as
metabolic disturbances and hemodynamic abnormalities
induced by hyperglycemia and insulin resistance (IR), play an
important role in the progression of DKD (7). Furthermore, IR is
associated with a low degree of chronic inflammation and several
mediators such as interleukin-1, interleukin-6 and tumor
necrosis factor-o. Recent studies demonstrate that the
pathophysiology of DKD is multifaceted and DKD has been
characterized as a metabolic-driven immunological illness (8).
According to current research, both systemic and local renal
inflammation play essential roles in the progression of DKD (9).
There are many novel pro-inflammatory signaling pathways in
the development of DKD, such as inflammasome activation,
mitochondrial DNA (mtDNA) release, the nuclear factor kappa
B (NF-xB) signaling pathway, toll-like receptors (TLRs),
myeloid differentiation primary response 88 (TLRs/MyD88)
signaling pathway, adenosine 5’-monophosphate-activated
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protein kinase (AMPK) signaling pathways, and the hypoxia-
inducible factor-1 (HIF) signaling pathway (10). Inflammation is
also associated with an increase in reactive oxygen species (ROS)
production, leading to mitochondrial dysfunction which triggers
beta-cell damage and diabetes worsening (11). Moreover, the
microarray analysis has also revealed that the expression of pro-
inflammatory genes was significantly elevated in animal models
or patients with DKD (12, 13). In addition, some clinical trials
discovered that non-steroidal selective mineralocorticoid
receptor antagonists (MRA) might slow the development of
DKD by decreasing inflammation (14). Overall, these findings
clearly demonstrate that inflammation is a vital factor in the
progression of DKD.

Numerous studies have demonstrated that inflammation
contributes to the deterioration of kidney function. The high-
sensitivity C-reactive protein (hs-CRP) is a systemic
inflammatory marker that has been associated with the
progression of DKD in T2DM patients (15, 16). According to
Shankar et al. (17), inflammatory biomarkers (white blood cell
count, interleukin-6, hs-CRP, and tumor necrosis factor-o
receptor 2) were found to be positively correlated with the
results of prevalent CKD. Increases in inflammatory blood cell
variables such as procalcitonin (PCT) (18), monocyte-to-
lymphocyte ratio (19), and platelet-to-lymphocyte ratio (20)
serve as basic indicators of inflammation and have been tested
for their capacity to predict CKD. A cross-sectional analysis
revealed that neutrophil count is an independent risk factor for
CKD development in diabetic individuals (21). However,
because these indicators include just one or two kinds of
immune-inflammatory cells, they may not adequately reflect
the state of inflammation.

The systemic immune-inflammation index (SII) is an
integrated and innovative inflammatory marker, and was
calculated by platelet count x neutrophil count/lymphocyte count.
The SII index was originally used to estimate the prognosis of
patients with hepatocellular carcinoma (HCC) by Hu et al. (22), it
was then used to predict prognosis in other tumors, such as small
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cell lung cancer (23), epithelial ovarian cancer (24), esophageal
cancer (25), colorectal cancer (26), and cervical cancer (27). SII is
now thought to precisely assess inflammation status. SII was
independently associated with an increased risk factor for protein
energy loss in patients receiving maintenance hemodialysis (28).
Additionally, higher SII is associated with an increased risk of
T2DM depression (29), disease activity in ulcerative colitis patients
(30), peripheral arterial disease (31), urinary albumin excretion (32),
testosterone deficiency (33), and osteoporosis in postmenopausal
women (34).

The traditional strategies for prevention and treatment of DKD
include management of hyperglycemia, hypertension, and
hyperlipidemia. For patients with T2DM, lifestyle changes and
metformin remain the first-line treatments. With breakthroughs
in research on the pathophysiology of DKD, some novel treatments
targeting renal inflammation, fibrosis, and oxidative stress have
gradually entered clinical practice. Actually, some drugs that are
beneficial in alleviating the progression of DKD have anti-
inflammatory properties. The drugs of anti-inflammation therapy
in T2DM patients include metformin, angiotensin-converting
enzyme inhibitors (ACEI), angiotensin II receptor blockers
(ARB), sodium-glucose cotransporter 2 inhibitor (SGLT2i),
dipeptidyl peptidase-4 inhibitor (DDP-4i), glucagon-like peptide 1
receptor agonists (GLP-1RA), nonsteroidal selective MRA
finerenone, etc (10, 35-39). On the contrary, a population-based
study suggested that insulin therapy was significantly associated
with increased likelihood of DKD in patients with T2DM and high
IR (40). Insulin treatment has also been found to not provide a
significant decrease in inflammatory markers when compared to
metformin or placebo in T2DM patients (41). Therefore, the over-
insulinization predisposes to inflammation.

Inflammation has been attributed to kidney damage. However,
the role of SII in T2DM patients with DKD remains unclear. We
hypothesized that a higher SII would be associated with an
increased likelihood of DKD in T2DM patients. Therefore, the
purpose of our study was to investigate the relationship between SII
and DKD among T2DM patients in the National Health and
Nutrition Examination Survey (NHANES) in the United States
and determine the value of SII and DKD.

Subjects and methods
Data and sample sources

Data were downloaded from the NHANES, a nationally
representative cross-sectional survey designed and conducted by
the National Center for Health Statistics (NCHS). The survey
samples the U.S. population using a stratified, multistage
probability approach and offers health and nutrition statistics
on the non-institutionalized civilian population in the United
States. The NCHS Research Ethics Review Board authorized the
survey, verifying that all participants provided informed
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consent. Detailed statistics are accessible at https://www.cdc.
gov/nchs/nhanes/.

To evaluate the participants’ nutritional and physical health,
standardized in-home interviews, physical examinations, and
laboratory tests were carried out at mobile examination centers.
39156 participants were involved in four NHANES cycles from
2011-2018. We excluded 10424 participants under the age of 18
years, 7054 with missing SII, 308 without urine albumin-to-
creatinine ratio (ACR), 421 with missing estimated glomerular
filtration rate (eGFR), 16798 without T2DM, and 214 with
pregnancy. Eventually, 3937 participants were enrolled in the
study (Figure 1).

Exposure variable

Lymphocyte, neutrophil, and platelet counts (expressed as x10°
cells/ul) were measured using automated hematology analysis
devices. The following formula is utilized to calculate SIT (22).

platelet count x neutrophil count

SII =
lymphocyte count

Outcome variable

Diabetes was defined as (1) a previously reported diagnosis
by medical professionals, or (2) fasting plasma glucose >7.0
mmol/L, or (3) glycosylated hemoglobin (HbA1c) 26.5 mmol/L,
or (4) taking diabetes drugs. The urine albumin/creatinine ratio
was used to compute the ACR. The eGFR scores were calculated
using the Chronic Kidney Disease Epidemiology Collaboration
algorithm (42). ACR 230 mg/g and/or eGFR<60 mL/min/
1.73m” were used to diagnose DKD in T2DM patients (43).

Definition of other variables

Hypertension was defined as SBP >140 mmHg and/or DBP
>90mmHg after repeated examination or prior diagnosis of
hypertension by a physician (44). Hyperlipidemia was defined
by total cholesterol 2240 mg/dL, triglycerides 2200 mg/dL, LDL-
C 2160 mg/dL, and HDL-C<40 mg/dL or a physician’s previous
diagnosis of hyperlipidemia. The National Cholesterol
Education Program Adult Treatment Panel III (NCEP/ATPIII)
Metabolic Syndrome (MetS) criteria were suggested, requiring
three of five factors: abdominal obesity as evaluated by sex-
specific waist circumference, triglyceride levels, low high-density
lipoprotein cholesterol (HDL-C), hypertension, and increased
fasting glucose, without the exclusion of diabetes (45). Because
the sorts of medications taken by participants vary greatly, we
classified the patients’ anti-inflammation therapy into two
categories: no (the patients did not take anti-inflammation
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N=39156
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Excluded age< 18years
N=10424

N=28732

Excluded incomplete data of Systemic
Immune Inflammation Index (SlI)

N=7054

A

N=21678

Excluded incomplete data of urinary
albumin:creatinine ratio (ACR)

N=308

N=21370

Excluded incomplete date of eGFR

N=421

N=20949

Excluded participants without

diabetes mellitus
N=16798

N=4151

N=3937

FIGURE 1
Flowchart of the participants selection from NHANES 2011-2018.

drugs) and yes (the patients received anti-inflammation drugs).
The body mass index (BMI) is the measure of dividing the
weight (kg) by the square of the height (m?). According to World
Health Organization standards, participants’ BMI was classified
as<25, 25-29.9, and 230 kg/ m?, corresponding to normal weight,
overweight, and obesity, respectively (46).

Covariates

This investigation included covariates that may impact the
relationship between SII and DKD. Demographic parameters
included age, gender, race, education level, smoking status,
poverty income ratio (PIR), BMI, systolic blood pressure
(SBP), and diastolic blood pressure (DBP). Serum creatinine
(Scr), blood urea nitrogen (BUN), serum uric acid (SUA), total
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cholesterol (TC), triglycerides (TG), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and glycohemoglobin
were included in the biochemical profile. Health risk factors
include hypertension, hyperlipidemia, MetS, atherosclerotic
cardiovascular disease, and chronic heart failure. DM-related
treatment included the anti-inflammation therapy, metformin
use, insulin use, ACEI use, and ARB use. The complete
measurement techniques for these variables were easily
accessed at www.cdc.gov/nchs/nhanes/.

Statistical analyses
Given the complex sampling survey, weighted analyses were

performed according to the recommendations of the NHANES.
The weighted student’s t-test (continuous variables) or weighted

frontiersin.org


https://www.cdc.gov/nchs/nhanes/
https://doi.org/10.3389/fendo.2022.1071465
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guo et al.

chi-square test (categoric variables) were utilized to compare
differences in baseline characteristics between the non-DKD and
DKD groups in T2DM patients. The receiver operating
characteristics curve was used to determine the optimal cutoff
value of the SII level. Weighted univariate logistic regression
analysis and multivariate logistic regression analysis were used to
evaluate the correlation between SII and DKD in different
models. In Model 1, confounding variables were not adjusted.
In Model 2, age, race, education, and smoking status were
adjusted. In Model 3, age, gender, race, PIR, educational levels,
smoking status, hypertension, hyperlipidemia, MetS, anti-
inflammation therapy, metformin use, insulin use, SBP, DBP,
glycohemoglobin, BUN, SUA, TC, TG, ALT, AST, ASCVD, and
CHF were adjusted. To determine the potential effect
moderators, patients were divided into subgroups based on
their age (< 60 or = 60years), sex (male or female), BMI (< 25,
25-29.9 or > 30 kg/mz), eGFR (< 60, 60-90 or > 90 ml/min/
1.73m?), ACR (< 30, 30-300 or > 300 mg/g), hypertension (yes or
no), hyperlipidemia (yes or no), anti-inflammation therapy (yes
or no), metformin use (yes or no), and insulin use (yes or no). In
order to analyze the heterogeneity of correlations among
different subgroups, interaction analyses were included as well.
Missing values for existing examples of those variables were
filled in using the mode for categorical variables or the median
for continuous variables. The “nhanesR” package was used to
extract and analyze the data. P<0.05 was regarded as
statistically significant.

Results
Baseline characteristics of participants

A total of 3937 T2DM participants were involved, with an
average age of 60.51 years and a gender split of 2040 (51.82%)
male patients to 1897 (48.18%) female patients; 1510 (38.35%)
participants were categorized as having DKD in our study. Age,
poverty income ratio, smoking status, hypertension,
hyperlipidemia, anti-inflammation therapy, metformin use,
insulin use, ARB use, SBP, DBP, SII, glycohemoglobin, Scr,
BUN, SUA, eGFR, TG, ACR, ASCVD, and CHF were
significantly different between the two groups (all p<0.05). Sex,
race, education levels, MetS, ACEI use, BMI, TC, ALT, and AST
did not differ between T2DM patients with and without DKD.
1071 (45.81%) and 524 (36.75%) patients received anti-
inflammation therapies in non-DKD and DKD groups,
respectively. Among all patients, 63 and 23 patients took ACEI
and ARB, respectively. Because the amount of ACEI or ARB use
was small and had no significance in statistical analysis, we
wouldn’t analyze ACEI or ARB use independently. The clinical
and biochemical characteristics of the participants with DKD
and non-DKD were shown in Table 1.

Frontiers in Endocrinology

05

10.3389/fendo.2022.1071465

Sl is associated with increased
likelihood of DKD

We converted SII from a continuous variable to a categorical
variable and created a number of models to evaluate the
independent effects of SII with and without DKD. Table 2
shows that higher SII levels were associated with a higher
likelihood of DKD after controlling for a number of
confounding variables. This relationship was significant both
in our basic model (OR = 1.538; 95% CI, 1.287-1.837, p< 0.0001)
and in our model with the fewest adjustments (OR = 1.58; 95%
CI, 1.28-1.96, p< 0.0001). The correlation between SIIT and DKD
remained positive in the fully corrected model (OR = 1.42, 95%
CI: 1.10-1.83, P = 0.01). According to univariate logistic analysis,
SII was a risk factor for DKD (OR = 1.001, 95% CI: 1.000-1.001,
p< 0.001, Table 3). Age, PIR, smoking status, hypertension,
hyperlipidemia, MetS, anti-inflammation therapy, metformin
use, insulin use, SBP, DBP, glycohemoglobin, Scr, BUN, SUA,
eGFR, TG, ACR, ASCVD, and CHF remained significantly
associated with the odds of DKD in weighted univariate
analysis (p< 0.05, Table 3).

Participants who did not complete high school had 30%
higher likehood of DKD than those who completed high school
(p=0.03). Compared with T2DM patients who had a former
smoking history, never and now smoking patients had 30.3%
and 34.3% lower likelihood of DKD, respectively (all p< 0.05).
Compared with non-hypertension, non-hyperlipidemia, non-
MetS, not using insulin participants, non-ASCVD, and non-
CHF patients, hypertension, hyperlipidemia, MetS, using
insulin, ASCVD, and CHF patients, had 1.523 times, 32.5%,
18%, 1.3 times, 1.11 times, and 2.468 times higher odds of DKD,
respectively (all p< 0.05). Compared with T2DM patients who
did not receive anti-inflammation therapy and take metformin,
patients who received anti-inflammation therapy and took
metformin had 31.3% and 34.9% lower likelihood of DKD,
respectively (all p< 0.001). Per unit increase in SBP,
glycohemoglobin, BUN, serum uric acid, and TG, the odds of
DKD were elevated by 2.7% (p< 0.0001), 22.1% (p< 0.0001),
41.1% (p< 0.0001), 0.5% (p< 0.001), and 9.3% (p =
0.003), respectively.

Subgroup analysis

The results of our subgroup analysis showed that there were
inconsistent associations between SII levels and DKD (Figure 2).
For the subgroup stratified by age, gender, BMI, hypertension,
hyperlipidemia, anti-inflammation therapy, and insulin use, a
significant relationship of SII with DKD was detected in each
subgroup (all p< 0.05) (Figure 2). As for the subgroup stratified
by eGFR and ACR, the association with statistical significance
was only observed in those with eGFR >90 ml/min/1.73m’
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TABLE 1 Basic characteristics of participants with Type 2 diabetes mellitus (n = 3937) in the NHANES 2011-2018.

Characteristics

Age (years)
Gender, %
Female
Male
PIR
Race, %
Mexican American
Non-Hispanic Black
Non-Hispanic White
Other Hispanic
Other Race
Education level, %
Above high school
High school or GED
Less than high school
Others
Smoking status, %
Former
Never
Now
Hypertension
No
Yes
Hyperlipidemia
No
Yes
Metabolic syndrome
No
Yes
Anti-inflammation therapy, %
No
Yes
Metformin use, %
No
Yes
Insulin use, %
No
Yes
ACEI use, %
No
Yes
ARB use, %
No
Yes
BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
SII

Frontiers in Endocrinology

Non-DKD (n=2427)

56.08 + 0.39

47.83 (44.30, 51.36)
52.17 (48.64, 55.70)
2.88 +0.06

10.52 (7.76, 13.27)
13.43 (10.80, 16.06)
59.07 (54.49, 63.65)
6.81 (5.29, 8.34)
10.17 (8.35, 11.98)

56.10 (52.29, 59.90)

24.36 (21.29, 27.42)

19.53 (16.89, 22.18)
0.01 (0.01, 0.04)

31.24 (28.30, 34.17)
52.46 (49.32, 55.59)
16.31 (14.14, 18.47)

36.18 (33.55, 38.81)
63.82 (61.19, 66.45)

12.51 (10.71, 14.31)
87.49 (85.69, 89.29)

39.18 (36.21, 42.15)
60.82 (57.85, 63.79)

54.19 (51.23, 57.14)
45.81 (42.86, 48.77)

59.13 (56.35,61.90)
40.87 (38.10,43.65)

93.31 (91.78,94.84)
6.69 (5.16, 8.22)

98.17 (97.43,98.92)
1.83 (1.08,2.57)

99.40 (98.99,99.80)
0.60 (0.20,1.01)
33.13  0.25
126.84 + 0.49
71.44 + 0.38
546.42 + 10.13

DKD (n=1510)

64.20 + 0.55

48.18 (44.52, 51.84)
51.82 (48.16, 55.48)
251 +0.07

9.60 (6.84, 12.36)
13.74 (11.06, 16.41)
6151 (57.19, 65.83)

5.58 (4.02, 7.13)

9.57 (7.62, 11.53)

50.97 (47.07, 54.87)

2570 (22.35, 29.04)

23.17 (20.81,25.53)
0.16 (0.05, 0.37)

39.78 (36.69, 42.87)
46.57 (42.81, 50.32)
13.65 (11.46, 15.85)

18.35 (15.48, 21.21)
81.65 (78.79, 84.52)

9.74 (8.03, 11.45)
90.26 (88.55, 91.97)

3531 (32.40, 38.21)
64.69 (61.79, 67.60)

63.25 (59.92, 66.58)
36.75 (33.42, 40.08)

68.96 (65.43,72.49)
31.04 (27.51,34.57)

85.79 (82.95,88.63)
14.21 (11.37,17.05)

98.83 (98.14,99.53)
1.17 (0.47,1.86)

99.78 (99.66,99.89)
0.22 (0.11,0.34)
33.06 + 0.30
135.79 + 0.80
69.41 + 0.54
634.14 + 13.43

10.3389/fendo.2022.1071465

P-value

< 0.0001
0.9

< 0.0001
0.34

0.1

0.001

<0.0001

0.02

0.05

< 0.001

< 0.001

< 0.0001

0.01

0.86
< 0.0001
0.002
< 0.0001

(Continued)
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TABLE 1 Continued

Characteristics Non-DKD (n=2427)
Glycohemoglobin (%) 6.95 + 0.04
Serum creatinine (umol/L) 73.32 £ 0.51
Blood urea nitrogen (mmol/L) 5.08 + 0.06
Serum uric acid (umol/L) 323.74 +2.48
eGFR (ml/min/1.73m") 92.59 + 0.50
TC (mmol/L) 4.75 £ 0.04
TG (mmol/L) 2.12 £ 0.05
ALT (IU/L) 28.07 + 0.60
AST (IU/L) 26.26 £ 0.52
Albumin, urine (mg/L) 11.75+ 0.24
Creatinine, urine (mg/dl) 119.32 £ 2.53
ACR (mg/g) 10.09+ 0.15
ASCVD, %

No 83.79 (81.61, 85.97)

Yes 16.21 (14.03, 18.39)
CHF, %

No 95.71 (94.59, 96.84)

Yes 4.29 (3.16, 5.41)

10.3389/fendo.2022.1071465

DKD (n=1510) P-value
7.50 + 0.06 < 0.0001
105.58 + 2.72 < 0.0001
7.05 + 0.13 < 0.0001
364.53 + 3.40 < 0.0001
69.70 + 1.13 < 0.0001
4.74 + 0.04 0.78
242 +0.07 < 0.001
2639 + 1.28 023
26.05 + 0.77 0.82
303.12 + 26.90 < 0.0001
112.66 + 2.27 0.06
314.81 + 27.65 < 0.0001
< 0.0001
70.05 (66.62, 73.48)
29.95 (26.52, 33.38)
< 0.0001

86.56 (84.24, 88.88)
13.44 (11.12, 15.76)

Mean + SD was for continuous variables. The percentage (95% confidence interval) was for categorical variables.
NHANES, National Health and Nutrition Examination Survey; DKD, diabetic kidney disease; PIR, poverty income ratio; GED, general educational development; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; SII, systemic immune-inflammation

index; eGFR, estimated glomerular filtration rate; TC, total cholesterol; TG, triglycerides; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ACR, albumin: creatinine ratio;

ASCVD, atherosclerotic cardiovascular disease; CHF, chronic heart failure.

(p=0.01) and ACR< 30 mg/g. For participants who used
metformin, a positive association between SII and DKD was
also observed, while this association did not meet the statistical
significance (OR = 1.31; 95%CI: 0.94-1.82, p = 0.11). The
interaction test showed that there was no significant difference
among each stratification in the association between SII and
DKD, indicating that there was no significant dependence of age,
gender, eGFR, ACR, BMI, hypertension, hyperlipidemia, anti-

inflammation therapy, metformin use, and insulin use on this
positive association (all p for the interaction > 0.05, Figure 2).

Discussion

The incidence of diabetes worldwide has considerably
increased with the growth of the global economy. T2DM

TABLE 2 Association between Sl and DKD in patients with Type 2 diabetes mellitus.

SII OR 95% CI P
Model 1*

< 445.21 Reference

> 44521 1.538 1.538(1.287, 1.837) < 0.0001
Model 2°

< 445.21 Reference

>445.21 1.58 1.58(1.28, 1.96) < 0.0001
Model 3°

< 445.21 Reference

>44521 1.42 1.42(1.10, 1.83) 0.01

“Model 1 did not adjust for any confounding factors.
"Model 2 adjusted for age, race, education, and smoking status.

“Model 3 adjusted for age, gender, poverty income ratio, race, education levels, smoking status, Hypertension, Hyperlipidemia, Metabolic syndrome, anti-inflammation therapy, metformin
use, insulin use, BMI, SBP, DBP, glycohemoglobin, serum creatinine, blood urea nitrogen, serum uric acid, eGFR, TC, TG, ALT, AST, ASCVD, and CHF.
SII, systemic immune-inflammation index; DKD, diabetic kidney disease; OR, odds ratio; CI, confidence interval.
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TABLE 3 Univariate logistic regression models of DKD.

Variables

SII

Age (years)

Gender (versus female)
Male

PIR

Race (versus Mexican American)

Non-Hispanic Black
Non-Hispanic White
Other Hispanic
Other Races

Education level (versus Above high school)

High school or GED
Less than high school
Others
Smoking status (versus Former)
Never
Now
Hypertension (versus No)
Yes
Hyperlipidemia (versus No)
Yes

Metabolic syndrome (versus No)

Yes

Anti-inflammation therapy (versus No)

Yes
Metformin use (versus No)
Yes
Insulin use (versus No)
Yes
BMI (kg/m?)
SBP (mmHg)
DBP (mmHg)
Glycohemoglobin (%)
Serum creatinine (umol/L)
Blood urea nitrogen (mmol/L)
Serum uric acid (pmol/L)
eGFR (ml/min/1.73m?)
TC (mmol/L)
TG (mmol/L)
ALT (IU/L)
AST (IU/L)
Albumin, urine (mg/L)
Creatinine, urine (mg/dl)
ACR (mg/g)
ASCVD (versus No)

Frontiers in Endocrinology

OR (95%CI)

1.001 (1.000, 1.001)
1.048 (1.040, 1.056)

0.986 (0.793, 1.226)
0.868 (0.813, 0.927)

1.121 (0.891, 1.409)
1.141 (0.917, 1.419)
0.896 (0.667, 1.203)
1.031 (0.764, 1.393)
1.161 (0.849, 1.589)
1.305 (1.027, 1.660)

14.110 (0.515, 386.948)

0.697 (0.556, 0.873)
0.657 (0.521, 0.830)

2.523 (2.049, 3.107)
1.325 (1.041, 1.686)
1.180 (1.002, 1.391)
0.687 (0.567, 0.832)
0.651 (0.527, 0.804)

2.312 (1.610, 3.320
0.999 (0.987, 1.011
1.027 (1.021, 1.033
0.987 (0.978, 0.995
1.221 (1.164, 1.280
1.040 (1.035, 1.045
1.411 (1.347, 1.478
1.005 (1.004, 1.006
0.956 (0.951, 0.962)
0.990 (0.922, 1.063)
1.093 (1.031, 1.157)
0.997 (0.987, 1.007)
0.999 (0.995, 1.004)

)

)

)

)
)
)
)
)
)
)
)

1.069 (1.062, 1.076
0.999 (0.997, 1.000
1.127 (1.115, 1.139

08

10.3389/fendo.2022.1071465

P-value

<0.001
<0.0001

0.898
<0.0001

0.324
0.232
0.46
0.837

0.345
0.03
0.115

0.002
<0.001

<0.0001

0.023

0.048

<0.001

<0.001

<0.0001
0.86
<0.0001
0.003
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.777
0.003
0.525
0.823
<0.0001
0.071
<0.0001

(Continued)
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TABLE 3 Continued
Variables
Yes

CHEF (versus No)
Yes

10.3389/fendo.2022.1071465

OR (95%CI) P-value
2.210 (1.747, 2.796) <0.0001
3.468 (2.526, 4.760) <0.0001

For continuous variables and categorical variables, the unit and the reference group are presented beside the variables separately.

prevalence continues to expand globally, with 537 million
individuals aged 20 to 79 years suffering from DM in 2021
(47). According to the International Diabetes Federation
Diabetes Atlas, the number is expected to increase to 783
million by 2045 (47). DKD, as a major healthcare challenge,
affects more than 40% of the >29 million people with T2DM in
the United States (48). DKD, a leading cause of ESKD, which
calls for dialysis or renal transplantation as treatments, is also
correlated to significantly higher cardiovascular morbidity and
mortality. Therefore, a thorough awareness of the potential
factors that increase the development of lesions can reduce
diabetes complications and enhance patients’ quality of life.

To the best of our knowledge, this is the first study to show the
relationship between SII and DKD in participants with T2DM.
We discovered that SII levels were clearly greater in DKD patients
than in non-DKD patients. According to subgroup analysis and
an interaction test, this connection was consistent in a diverse
demographic setting. Furthermore, high SII levels were associated

with an increased likelihood of DKD, providing concrete evidence
for further clinical and basic investigation.

Numerous studies have shown the vital role of chronic
inflammation in the development of DKD in diabetic
individuals. The genome-wide transcriptome analysis revealed
a high prevalence of inflammatory signaling pathways in DKD
(49). DKD, as the most significant target of microvascular injury
in DM, is connected to both systemic and local kidney
inflammation with the involvement of essential inflammatory
cells and molecules. As simple indicators of inflammation,
neutrophils (21), monocytes, lymphocytes (50), and platelet
cells (51) have previously been found to be related to the
development of DKD in patients with diabetes (52, 53).
Platelets are an atypical first-line inflammatory biomarker that
may attach to leukocytes and endothelial cells, altering the
activity of these cells’ inflammatory components. Many
cytokines originate from activated platelets and modulate
platelet function in the pathogenesis of DKD, such as IL-1 and

Characteristics OR (95% CI) P value P for interaction
Age : 0.85
<60 1.58(1.07,2.33) —— 0.02
260 1.56(1.25,1.94) | —— <0.001
Sex . 0.5
male 1.45(1.15,1.83) | 0.002

female 1.63(1.26,2.11) | —— <0.001
eGFR ! 0.84
290 1.67(1.13,2.45) p—_—— 0.01
60-89.9 1.02 1.02(0.75,1.40) —_— 0.89
60< 1.04 1.04(0.86,1.26) e 0.7
BMI X 0.12
normal weight 2.39(1.24,4.61) 1 0.01
overweight 1.56(1.08,2.25) —— 0.02
obese population 1.38(1.08,1.78) :-—0—- 0.01
uACR 1 0.64
<30 1.64(1.18,2.28) I—— 0.004
30-300 1.03(0.82,1.30) '+-' 0.78
>300 1.05(0.79,1.40) - 0.71
Hypertension ! 0.87
yes 1.52(1.22,1.88) | —— <0.001
no 1.47(1.07,2.02) —— 0.02
Hyperlipidemia ! 0.39
yes 1.98(1.16,3.38) —_—— 0.01
no 1.98(1.16,3.38) —_—— 0.01
Anti-inflammation therapy 1 0.41
no 1.65(1.32,2.05) | <0.0001
yes 1.41(1.04,1.92) —— 0.03
Metformin use ! 0.17
no 1.71(1.39,2.11) : —— <0.0001
yes 1.31(0.94,1.82) —— 0.11
Insulin use ! 0.09
no 1.41(1.16,1.72) : -~ <0.001
yes 2.37(1.34,4.21)  — 0.004
HEEE T

FIGURE 2

Subgroup analysis for the association between SIl and DKD
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IL-6 (54). The main components of the WBC are neutrophils
and lymphocytes, which mediate adaptive and innate immunity,
respectively. The majority of white blood cells are neutrophils,
which play a crucial role in the initiation and regulation of
inflammatory processes. Neutrophils also release neutrophil
elastase (NE), which plays a role in chronic inflammation.
Patients with increased neutrophil activity release reactive
oxygen species and NE, which may directly cause renal cell
damage, contributing to the continuing development of DKD in
T2DM patients. A recent study found that neutrophil count was
the most reliable independent risk factor for CKD in both cross-
sectional and cohort studies (21). Lymphocytes are a component
of leukocytes that mediate adaptive immunity and have a role in
innate immunity. Lymphocytes are inflammatory mediators that
do have regulatory or protective functions. However, prior
research indicated that neither the lymphocyte count nor the
neutrophil-to-lymphocyte ratio (NLR) were independent risk
factors for DKD in diabetic patients (21, 52).

SIT was calculated by counting three kinds of circulatory
immune cells: neutrophils, lymphocytes, and platelets (22). The
SII level can provide more clinical information than one or two
kinds of peripheral blood. Patients with high SII levels often have
thrombocytosis, neutrophilia, or lymphopenia (23). The SIT level
reflects the inflammatory reactions and may be a useful
diagnostic biomarker for systemic inflammatory activity. Many
studies have demonstrated that SII has remarkable predictive
ability (32). In the cross-sectional study, our research revealed
that peripheral blood SII was associated with an increased
likelihood of DKD.

Some drugs seem to have a beneficial effect on patients with
T2DM and CKD. There is a lot of evidence that metformin has
anti-hyperglycemic and reno-protective properties that might relate
to the mechanisms of anti-inflammation (35). ACEI and ARB also
have anti-inflammatory properties in both the general population
and in those with CKD (37, 55). Unfortunately, there are fewer
patients using ACEI or ARB in our study, which may be related to
sampling bias and systematic bias in the process of data extraction.
On the contrary, insulin therapy can worsen IR and cause increased
inflammation. As expected, our univariate logistic analysis
demonstrated that participants who used insulin showed a higher
risk of DKD than those who did not use insulin. In addition, the
interaction analyses demonstrated that neither anti-inflammation
therapy & metformin use, nor insulin use had significant interaction
with SIT on DKD, ensuring our conclusion’s credibility. To sum up,
our study demonstrated that SIT may have a significant association
with DKD independently.

In our study, age, PIR, smoking status, hypertension,
hyperlipidemia, MetS, BUN, SUA, TG, ASCVD, and CHF
were all identified as risk factors for DKD in individuals with
T2DM, which is consistent with prior research (56). In an
animal investigation, Sembach et al. observed no or only
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minor gender differences in functional and structural
alterations throughout DKD development, which is consistent
with our results (57). It is apparent that the development of DKD
is a complicated process involving multiple components.

SII was a widely available method with a non-intrusive
methodology, simple accessibility, and low cost. The potential
for therapeutic use is indeed positive. Our research has its own
advantages. First, the sample size is sufficient, and the sample
selection is representative. Second, to get more trustworthy
results, we adjusted for confounding variables. However, the
study’s shortcomings call for cautious interpretation of the
findings. First, the cross-sectional study design precluded us
from establishing a causal association. Secondly, despite the fact
that we made adjustments for several relevant confounders, we
were incapable of totally ruling out the impact of additional
potential confounding variables. Thirdly, while SII is simple to
quantify in clinical practice, the loss of neutrophils, lymphocytes,
and platelet counts is frequent and may contribute to selection
bias. Finally, while we adjusted for a number of possible
confounders, additional unmeasured confounders may exist,
such as duration of DM, insulin type, drug dosage, and
medications, to affect the conclusion. Therefore, future
research with a larger number of participants and more
accurate measurement is still necessary to define the
causal relationship.

Conclusion

In our study, we proved that SII levels were significantly
higher in T2DM patients with DKD than in the subjects with
non-DKD, and SII levels are associated with an increased
likelihood of DKD in T2DM patients, which may have
predictive and diagnostic significance in clinical practice. To
validate our findings, further extensive prospective
investigations are still required.
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